Sternal wound infection post-cardiac surgery is a serious complication that can lead to increased length of stay, substantial financial impact, and increased mortality. The occurrence of sternal wound infections has been reported from 0.4% to 4% of postoperative cardiac surgeries. It is imperative that every heart surgery program implements the best practice to prevent the detrimental effects of sternal wound infections. In an effort to improve the cardiothoracic (CT) surgery program in a community hospital, a decision was made to create a specialty floor including specialized nurses to care for open-heart surgery patients. In October 2010, a group of these nurses formed a working committee to explore ways to improve the overall care of our CT surgery patients. A vision and purpose for this committee were identified: (1) update and improve practice for CT surgery patients utilizing evidence-based standards, (2) successfully disseminate this information to all staff caring for the CT surgery patients, and (3) evaluate the impact of any practice changes on patient outcomes. An initial focus for the committee was to standardize sternal wound care among all staff members on the cardiovascular floors, cardiac care unit, and progressive care unit.
H
OSPITAL-ACQUIRED INFECTIONS (HAI) are among the leading causes of death in the United States with more than 20% of HAI caused by surgical site infections (SSI). 1 Deep sternal wounds after coronary artery bypass grafting have been reported in 1% to 4% of the patients with nearly a 25% mortality rate. 2 Surgical site infections are associated with a significant economic burden in terms of extended length of stay and increased costs of treatment, causing nearly 1 million additional inpatient days and $1.6 billion in excess costs. 1 The literature is rich with recommendations for the prevention of sternal wound infections. Evidence supports the use of blood glucose control intra-and postoperatively, proper antibiotic timing and discontinuance, skin prep, postoperative wound care, including preoperative shower the night before and morning of surgery using chlorhexadine and hand hygiene. [2] [3] [4] [5] [6] [7] [8] [9] Many factors such as diabetes, chronic obstructive pulmonary disease, advanced age, obesity, and smoking have been identified as risk factors in postoperative sternal wound infections as well. 9 With the aforementioned awareness and importance, the workgroup sought out best practice in sternal wound care and standardization of such care. The purpose of this article is to describe one institution's experience in standardizing sternal wound care for a cardiac surgery patient population.
CONCEPTUAL FRAMEWORK
The model of evidence-based practice (EBP) described by Melnyk and Fineout-Overholt 10 was utilized to guide this endeavor. The steps in the EBP process that the committee followed included (1) cultivating a spirit of inquiry; (2) asking the burning clinical question in purpose, intervention, comparison, outcome format; (3) searching for and collecting the most relevant, best evidence; (4) critically appraising the evidence; (5) integrating the best evidence with clinical expertise and patient preferences and values in making a practice decision or change; (6) evaluating outcomes of the practice decision or change on the basis of evidence; and (7) disseminating the outcomes of the EBP decision or change.
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CULTIVATING A SPIRIT OF INQUIRY
In October 2010, a group of nurses from the progressive care unit (PCU) and cardiac care unit (CCU) volunteered to serve on a subcommittee, chaired by an advanced practice nurse, the CT surgery nurse practitioner, who served as a mentor and provided leadership, which Melnyk and Fineout-Overholt 10 have described as an essential element in fostering an EBP culture. There were many inconsistencies noted in sternal wound care practices and there was a desire to standardize the care using evidence-based standards. As a result, the committee identified a vision and purpose: (1) locate the most up-to-date EBPs for sternal wound care for CT surgery patients, (2) make recommendations for practice changes on the basis of evidence, (3) disseminate the practice changes and educate staff concerning EBP findings, (4) evaluate practice change implementation and impact on patient outcomes, and (5) decrease sternal wound infections. To accomplish this task, the subcommittee decided to meet monthly, but stay in contact personally and via e-mail to keep the momentum going. The aim was to keep the group actively involved, productive, and action oriented to achieve the identified purpose and goals in a timely manner.
BURNING CLINICAL QUESTION
The process began by identifying the current practice for sternal wound care and discrepancies in the postoperative care of sternal wounds in this institution. Specific inconsistencies in practice in this institution included timing of removal of sternal dressings: 24 versus 48 hours, and utilization of both sterile and clean technique when discontinuing chest tubes commonly removed on postoperative day 1. This was particularly concerning because when the chest tube was removed, the entire sternal dressing was disrupted. There was also confusion regarding the postoperative care of the sternal wound (eg, when to clean the sternum and what agent to use-soap, chlorhexadine, or hydrogen peroxide). Another identified challenge was the quantity of new staff on both the CCU and the PCU. New staff was often unclear about the appropriate way to care for the sternum postoperatively. To further complicate the sternal wound care, different techniques in sternal closure were utilized by the CT surgeons. Dressings applied in the operating room (OR) made it difficult to discontinue chest tubes on postoperative day 1 without disrupting the sternal incision.
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In reviewing our sternal wound infection rate data for cardiac surgeries (Figure) , a 4% occurrence was observed in 2008, which doubled in 2009, and then dropped significantly in 2010. Even though sternal wound infection rates had improved from 2009 to 2010, there was still a desire to ensure that care was based on the latest research evidence shown to prevent infections. The purpose, intervention, comparison, outcome question that was identified were "in post-cardiac surgery adult patients, what are the best practices for care of sternal wounds to reduce the chance of infection postop?"
SEARCHING AND COLLECTING THE EVIDENCE
The search of the literature was focused on finding evidence related to sternal wound care. Specifically, literature was sought to answer questions about sternal wound care in adult cardiac surgery patients, including when to clean the sternum, with what agentsoap, chlorhexadine, or hydrogen peroxide, and timing and technique for changing the sternal dressings. The literature search began with a search of 3 major databases: Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane Database, and MEDLINE, using search terms "sternal wound care," "sternal wound infections," "cardiac surgery," and "care of the sternum post cardiac surgery." Reference lists in journal articles were also reviewed, and expert opinion was sought. Relevant textbooks were also included.
Results from the literature search revealed 2 guidelines, one from the Centers for Disease Control and Prevention (CDC) on SSI 7 and the second from the Society of Thoracic Surgeons on blood glucose management. 4 The surgical care improvement project, which is a national quality partnership of organizations interested in improving surgical care by significantly reducing surgical complications, also has recommendations for blood glucose control in the cardiac surgery population. 11 No randomized clinical trials were identified. However, a protocol developed by Hardin and Kaplow 6 was very helpful and Haycock et al 8 nicely described best practices to prevent SSIs. In addition to searching the literature, the CDC was also contacted to determine if there were any updates to the 1999 guidelines. 7 The CDC responded via e-mail and did not have any updates to provide at this time.
EVIDENCE APPRAISAL
Using the rapid critical appraisal process recommended by Melnyk and FineoutOverholt, 10 the types of evidence for each source were identified and key rapid critical appraisal questions were employed to determine which sources of evidence were most relevant, valid, reliable, and applicable to the clinical question. The rapid critical appraisal questions include the following: Are the results valid? What are the results and are they important? Will the results help me care for my patients? 10 There were consistent recommendations in the literature regarding glucose management as surgical care improvement project defines blood glucose control as serum glucose levels less than 200 mg/dL, collected once on each of the first 2 postoperative days, 12 while the Society of Thoracic Surgery recommends glucose levels lower than 180 mg/dL, 4 appropriate skin prep that includes the use of clippers instead of razors and preoperative showering the night before and morning of surgery with chlorhexadine, 1 hand hygiene, and appropriate prophylactic antibiotic use and timing that includes receiving antibiotic within 1 hour of surgical incision and discontinuing within 24 to 48 hours postoperative [4] [5] [6] [7] [8] [9] 13, 14 For timing of dressing changes, the CDC's 1999 guidelines for the prevention of SSI recommended surgical incisions remain sterile for 24 to 48 hours, and if the dressing warranted changing, it was to be done in a sterile manner and cleaned with chlorhexadine. 7 In comparing the findings to our current practice, we found that our current practice actually incorporated many of the recommended practice interventions to prevent sternal wound infections, timing of antibiotics and proper selection, blood glucose management, and skin prepping by clipping versus shaving. But similar to Haycock, 8 our practice lacked consistency in postoperative sternal wound care, specifically related to the timing of dressing changes (24 hours vs 48 hours), sterile versus nonsterile technique in changing sternal wound dressings, chest tube site care, and type of cleansing agent to be used for sternal wound care. Also, some of the certified nursing assistants were using bath basins, which have been found to be reservoirs for bacteria and a source of transmission of HAI. 15 After the committee met to discuss and synthesize the evidence, a sternal wound care protocol was developed. On the basis of the CDC's recommendations and review of the literature, the draft protocol (Table 1) focused on specification of the timing of the dressing change, when to use sterile versus clean technique, and type of cleansing agent to be used for wound site, chest tube care. The draft protocol was submitted to all the members of the sternal wound committee, and discussed with • Dressings less than 48 hours old are to be removed, using sterile technique.
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• If the chest tube is discontinued on postoperative day 1, remove the brown Elastoplast (Beiersdorf AG, Hamburg, Germany) dressing from the sternal dressing as an occlusive dressing is underneath and leave the occlusive dressing in place for 48 hours.
• Redress the chest tube sites with clean technique.
• After 48 hours, sternal dressings are to be removed as follows:
• Clean the incision gently with chlorhexadine daily if Dermabond was not used. 16 • Leave the incision open to air.
• If the incision still has some drainage, reapply a dressing, using clean technique and change as needed.
• If chest tubes, pacing wires, or both are still in place, cleanse the sites with chlorhexadine.
• Use of bath basins is not permitted. 15 
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the CT surgeons and the infection control director to obtain their feedback and support. We also met with the operating room staff to request that sternal incision dressings be separated from the chest tube site dressing, to prevent disrupting of the sternal dressing when chest tubes are removed, similar to the practice reported by Graf et al. 17 This would allow for sterile sternal dressings to remain intact while discontinuing chest tubes, which are distal to the sternal dressing, usually done less than 48 hours postoperatively. Another recommendation that was built into the protocol included the discontinuance of using bath basins.
INTEGRATION
After developing the evidence-based protocol, an action plan was established for integration into practice. Steps involved included the following: (1) developing an education program on care of sternal wounds incorporating the evidence supporting best practice; (2) identifying best practice champions to assist with facilitating knowledge transfer; (3) educating staff about the new protocol; (4) providing staff education using several formats: classroom, visual cues/reminders, skills fair sessions; (5) implementing the new practice change and providing one-on-one coaching to reinforce the new protocol; and (6) daily surveillance by the nurse practitioner to reinforce knowledge and protocol compliance.
Educational sessions regarding postoperative wound care for open heart cardiac patients were developed by the subcommittee and administered after baseline knowledge was assessed. The subcommittee members served as the champions to integrate the standardized sternal wound care protocol. Utilizing best practice champions is an effective strategy in facilitating knowledge transfer. 18 A pretest-posttest was completed before and after the education session to determine baseline knowledge and assess the impact of the education session on posttest knowledge. Education sessions included a booth at the annual skills fair where sternal wound care was a mandatory station attended by all CCU and PCU RNs. Some of the pretests and posttests were administered at this time. Further staff education occurred with a poster board presentation that was displayed at the annual EBP symposium, and additional education was provided at monthly staff meetings to nurses who did not attend prior education sessions. After completing the staff education, the practice change process was begun. To encourage practice change adoption, one-on-one encounters between champions and staff were implemented to reinforce staff knowledge of the newly developed protocol, risk factors for sternal wound infections, and best practice to decrease SSI. The CT surgery nurse practitioner continued daily surveillance of sternal wound care procedures to ensure compliance with the protocol as well as the knowledge of the protocol.
OUTCOMES EVALUATION
Nurses' knowledge
Nurses' knowledge and educational needs were assessed by the previously discussed pretest-posttest. The committee developed and distributed a 12-item questionnaire including true/false and multiple-choice questions. Content related to the overall understanding of sternal care, prevention of SSI, and risk factors for developing sternal wound infections ( Table 2 ). The survey was administered before and immediately after the education sessions to evaluate effectiveness of the education program and changes in staff knowledge. The education sessions and pretest-posttest occurred between April and May 2011.
The number of nurses who correctly answered each question for the pretest and posttest is identified along with the percentage this number represents in Table 3 . Fisher exact test (2-tailed) was used to determine significant differences in the number of nurses correctly answering questions from pretest to posttest. A total of 50 of approximately 66 (75%) nurses from the 2 cardiac specialty 82 CRITICAL CARE NURSING QUARTERLY/JANUARY-MARCH 2012 Abbreviations: AMI, acute myocardial infarction; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; EBP, evidence based practice; JP, Jackson-Pratt; PRBC, packed red blood cells.
units (CCU and PCU) completed the pretest and posttest. Most nurses attended the scheduled education sessions, as the skills fair attendance was mandatory. Not all of the same nurses completed both the pre-and posttest; therefore, scores are not matched for the preand posttests. Among the nurses completing the pretest, significant knowledge deficits were identified related to: signs/symptoms of wound infection (20% correct), intraoperative and postoperative risk factors for sternal wound infection (42% correct), preoperative risk factors for sternal wound infection (50% correct), how to clean wounds when Dermabond (Ethicon, Inc, A Johnson & Johnson company) is used on the sternal wound (64% correct), and where to document Blake and Jackson-Pratt drainage output (64% correct). The content nurses were familiar with 
Infection rates
As shown in the Figure, a 4% occurrence was observed in 2008, which doubled in 2009, and then dropped significantly in 2010 to 2% of the CT surgery patients in our institution. For the year 2011, there has been a further decrease to 1%. The ongoing work of the CT surgery subcommittee clearly has impacted these SSI rates in this institution.
DISCUSSION
Implementing an evidence-based sternal wound care protocol has the potential to reduce complications, length of stay, and hospital costs. Following the EBP process can assist in identifying education needs and areas that need specific focus when implementing a practice change. Education is not the only step in integrating EBPs changes. Knowledge does not equate application. Achieving and sustaining adherence to a practice change requires continued monitoring, mentoring, and reinforcement to promote full adoption. Oneon-one mentoring by champions and daily monitoring of adoption of the practice change by nursing leaders during the initial change process contributed to the staff's ability to articulate the new wound care protocol and impact patient outcomes. Continued monitoring and surveillance of the impact of the practice change on outcomes are imperative to assess the values of the practice change. It should be noted that because the same nurses did not complete the pretest and posttest, it was not possible to assess the true impact of the educational program on individual nurse knowledge. Nonetheless, the findings do suggest that the educational program did further nurses' knowledge of sternal wound care.
NEXT STEPS
We plan to continue to monitor our sternal wound care indefinitely to verify that all of the implemented changes are being made by all staff members. Ongoing education and mentoring will be provided formally in orientation to the cardiac floors, informally with inservicing, and with precepting new hire staff. An informal protocol book will be developed for each unit. Future surveillance of the practice change will be required to ensure that full integration of the change continues. Sternal wound infections will continue to be tracked through a database that allows for benchmarking. These data will also be evaluated by our workgroup monthly to ensure efforts are contributing to quality outcomes for patients.
CONCLUSION
The purpose of this article was to describe one institution's experience in standardizing sternal wound care for the cardiac surgery patient population. As a result of following the steps in the EBP process, an evidence-based protocol for sternal wound care was developed, implemented, and evaluated. Early outcome evaluation findings suggest that the new protocol is contributing to the reduced rates of SSI in the cardiac surgery patient popu-84 CRITICAL CARE NURSING QUARTERLY/JANUARY-MARCH 2012 lation. Our cardiac specialty unit has benefited from this experience by increasing our confidence in caring for our specialized patients, minimizing inconsistencies in our practice, and most importantly optimizing patient outcomes, decreasing unnecessary hospital costs, and increasing patient/family satisfaction. It is also noteworthy to add that we have found that nurses who are encouraged to embrace their specialty are also more likely to contribute to improving practice and proactively raise clinical inquiries.
